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INTRODUCTION

Model and small-scale field ctests of high efficiency anchors in
tanden (piggyback) and in parallel have been performed to evaluate the
feasibilicy of using anchors Iin combinazion to satisfy expanded Navy
fleet mooring rsquirements. The Navy has addes two new classes of
roorings to extend f{leet mooring capability from the old maximum Jf
300,000 pounds (Class AA) to 400,000 pounds (Class BBB) and 500,000 pounds
(Class AAA). In addicion, there {s intyrest within the Navy to provide
moorings in typhoon prevalent arcas and for vessels in offshore stcas
subjected to large waves and high currents. These situations could
creass loads substancially in excess of 500,000 pounds. This cest prog-
ram was sponsered by the Naval Facilities Engincering Command (NAVFAC).

This report presents the resules of model tests in sand and in a
synthetic clay-like material with 1/20cth-scale models of 3 6,000-pound
S$YATO anchor and results of tests in beach sand with 200-pound STATO and
350-p.und DANFORTH ancnors. Feasible rigging methods for using combina-
tions of high cf{iciency anchors which are compatible wich Bavy installa-
tion and handling capabilicy are defined.

BACKGROUND

The Naval Civil Engineering Laboratory (NCEL) has completed a com-
prehensive ocean tast program to define tie performance of drag cmbed-
ment anchors at several sites (Ref 1-5). These tesis resulted in the
development of improved methods for predicting the purformance of drag
anchors in sand and wmud seafloors (Ref 6-10) and fn methods for improving
the performance of Navy fleet mooring anchors (Ref 7) ard other commer-
eially available drag embedment anchors (Ref 6).

Some tests of tandem and parallel anchor arrzangemencs with the
STOCKLESS anchor were alse performed during the NCEL test program. Anchor
arrangements were found that were installable from Navy anchor handling
barges and that developed the full capacity of cach anchor (Ref 11).
Wich 30,000-pound STOCKLESS anchors, the practical handling limit from
most Navy barges, the Navy's flcet mooring requirement, to Class AA
(300 kip) in soft clay (mud), to Class AAA (500 kip) in sand, and to
Class BB (250 kip) in hard soil can be satisfied. This substantially
increased the value of tha large Navy inventory of STCCKLESS anchors and
reduced the neced for anchor procurements. Saticfaction of che remaining
anchoring requirements must be accomplished with high efficf{ency anchors
singly and in combination.
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An analysis of high efficiency anchoring optlions for the remcining . ﬁ

requirement o 500 kips and for pessible requirements to 1,300 kips was »
3 perforned (Ref 12). The analysis concluded chat fleet =ooring require- oo 3
z wenes through Class AAA nay be feasible with structurally and S
g opecrationally Improvad versions of the Navy STATO anchor in sultiples, RO
d in sizes to 15 kips, and chat very high capacity meorings (to 1,309 kips) o
h may be feasible with high asfficiency anchers in oultiples, In sizes to S
i 30 kips. b
. The rultiple (randem and parallel) anchor rigging arrangements that ]
3 were found suitsble for low efficiency Navy STOCKLESS anchovs were not ©Y
5 necessarily suitable for high efficiency (high capaciety ro unchor waight fi%
[ ratio) anchors, because high efficiency anchors can be vary sensitive to T
o seafloor conditfons and rigglag arrangement. For this reason, a test N
progran to evaluate combinations of high efficfency anchors was iniciaced ; e
at KCEL. This program considers anchor performance i{n sand awd sofc y . A?
y clay. ¥odel tests wich a 1/20th-scale model of a STATO anchor were pre- -
viously conducted in s$and and resules uvere presented i{n an interim ceport 3
(Ref 12). These tests are sum=arized in this report and comparud to the e
resules of the small-scale beach teses. :;_3
"
ANCHOR TEST PROGRAM o
Approach ;;i: g
Since the number of potentlal anchor rigging arrangements was large, ==
=ddel tescing was selected as the best means e zapidly ovaluate the !*"-;
opzions. Small-scale ficld testing using anchors in 2G0 co 350 pound :;{5}%
size range would then be conducted as needed to further evaluate selected ;}f;iﬂ
options, define probable performance, and assess the feasibilicy of chese e
options in full scale. R
Laboratory model testing has been and continues to be an effective ey
tool to conduct extensfve parametric evaluacions of soil-anchor interac- !‘*“"%
tion. Results have proven effective in gulding cthe design of anchors '_.:}:

because design changes and sail praperty chapges can bu rade quickly and
the relative effects on anchor capacity can be rapidly assessed. The
British Admiraley has used model testing during preliminary design of
all 1te bower znd mooring anchors (Ref 13-15). Many other resecarchers
(Ref 16-20) have used model testing to gain a better understanding of
anchor behavior, to develop prediction procedures and to enable design
{mprovements to existing anchors.

fodel tests were conducted in both sand and mud. Small-scale anchor
tests were conducted only in sand. These test data were sufficient to
deternine fcasible options for using high efficiency anchors in c(ombina-
tions for fleet mooring applications. Prototype testing must be wone,
however, tefore the optimum rigging arrangements are determined and che
preliminary options are used for fleet moorings.

Tandem and Parallel Anchor Rigping Options

The use of anchors in tandem is common in the offshore industry.
The standard tandem hookup used in the ofishore industry will be referred
to in this report as the crown to shackle rigging arrangement; it is
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shown by Figure 1. For wichors like the STATCQ where the anchor shark
does not prutrude throug's the crown end of the anchor, the rear or piggy-
back anchor connects ti the anchor crown. In this case, it is nccessary
to block or weuld apen the front ancher flukes; otherwise, they will close
as the rear anchor assamcex lead.

Variations to the crawn shackle hookup were also evaluated. The
first {8 refurred to as ihe palm to shackle riggping arrangement
(Figure 2). Two connec=ion points on the upper palm and two on the lower
pals were evaluated. A ahank to shaskle rigging acrrangemant, Figure 1,
vas also evaluated. Thig -acthod was first suggested by Klacen (Ref 19)
and later zested in prot-rype scale with the STOCKLESS anchor (Ref 2).

The performance of kae tandem znchor arrangements was evaluated for
a vange of aachor separatlons, froa 0 to § fluke lengths separacion.
Anchor sepsration distances were normalized by anchor fluke length for
ta8y comparison to larger scale tests.

Tuin-chain-leg Navy fleet moorings (AA for example) eaploy anchors
in parallel, referred ro {n this report az the ground ring te shackle
arvangement, Figure 4. A variation of this arrangement which staggered
the anchors by using different chain lengths {rom ground ring to anchor
was also cvaluated.

Test Anchors

Model Tests. One-twentieth scale models of a 6,000-pound STATO
anchor (Figure 4) were {abricated for the sand and mud model anchor
tests. The holed plate atop the anchor shank was added for the szhank to
shackle arrangement. The anchor fluke angle was adjustable. It was set
at 32 degrees rer the sand tests and S0 degrees for the clay tests to
corruspond to recommended angles for the prototype anchor.

field Tests. Two anchor types were used duving the small-scale
anchor tests on the beach at Pore Hueneme. Two 200-pound STATO anchars
and three 350-pound DANFORTH anchors (Figure S) were selected because of
availabilicy and because these size anchors could he pull-tested with
available equipment. The fluke angle for both test anchors was approxi-
mately 32 degrees.

Test Apparatus and Procedures

Model Tests - Sand. The sand test tank measured 9.5 feet by 2.5 feet
by 1.3 feet deep. Anchors were pulled using a wire wound around a capstan
which was driven by a variable speced motor. The test arrangement was
very simple but cffective. The sand used was a dry, poorly graded,
medium density sand that was vibrated to a relative density of 65Z.
Densification was accomplished using a single vibrator clamped to the
side of the test tank. After each anchor test, the sand was thoroughly
disturbed and then redensified.

Miniacure load cells (Figure 2) were sized to minimize their effect
on ancher behavior. Load cells were placed at the shank of each anchor
so that for the arrangements shown, the forward load cell recorded total
anchoring load (two anchors plus connecting chairz) and the rear anchor
recorded single anchor load. Drag distance was measured using a deflec-
tion pot with a thin cable connected to the forward load cell.
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Tha standard tesc procedure was as follows: The anchora wvere
dragged frem  * surface at one end of the task until the maximua holding |
capacity for the parcicular configuration had beea obtained. Then, the )
shank pleeh and roll, the chaia angle relacive to the shank {chain-ahiank e e
anrgle), and che shackie depch were recovded. Anchor lezd and ctravel et
were continucusly recorded by stxip recorder. These data were later I
diglcized using a mizrocowputar dipfcizer and processed for later pre-
saatation. i
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Hode) Tests - Hud., The mud tost tank seasured 16 feee by 2.5 faet
by 2.5 fcat deep (Figure 6). The load and deflection measuresment Systens
wvere the same as chose used in the sand test. Probleams occurred with
the miniacure load cells and enly two were avallable during testing.
During the randem ctests, one load cell was placed at the forward anchor's i,
shackle and che other was placed at the foruard and of the rear anchor .
line. The capacity of the chain and/for wire, {orvard of the first anchor, .-
was noC measured direcrly. It could, however, be inferred {rom the siagle S
anchor test results. Equipment problems caused postponement of parallel
anchor tests {n mud.

The mud test bed {s 4 thixotropic material known as lLaponice. It
vas developed for use in palnt products and has rhe same layered chemical
structure as a Hectorite elay. Laponite was selected for this test prog-
rar because detailed analyses (Ref 21) of iupounite have shown chat ics
behavior can be precisely conrrolled, ft behaves like a clay, and once
it {3 discurbed, it regains scrength rapidly. This last feature allows
tests to be conducted at a rapld raca,

In decermining zhe propertie2 required for the test soil, the fol-
lowing paramcter {s generally accepted as suffficient to ensure dynamic
similaricy:
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(clTa)proto:ype = (CIYB)aodcl

where ¢ = shear strength
v = soil unic weight .
B = characteristic length N

1
ki O o

Based upon the performance of the 5,000-pound STATO protoctype, the desired ‘
shear strengeh range was 0 to C¢.2 psi for the model vest bed. As shown b
below, this was achieved, and mixing and qualicy control procedures were -
derived which alfowed duplication of soil properties between tests. The »
majoricy of tests were run {n soil with an average shear strength of A
0.1 psi. Figure 7 presents a typical strength profile. The upper value
at cach depth represents cencerline strengch in che tank.

The Laponite was prepared using deionized water and mixed at a con-
centration of 3% by volume. This resulted in a gel-like material with a
water content of about 1100X. Soil sensitivicy, which is the ratio of
disturbed to undisturbed strength, was approximately 2. Soil strength
was completely regained in less than 10 minutes after disturbance.

Before cach test, a miniature vane device was used to determine the
shear strength at depths from 3 inches to 18 inches in 3-inch increments
at various distances across and along the tank. Anchor depth and orien-
tation were recorded at 1 to 2-foot intervals along the tank, while ten-
sion and displacement were recorded continuously.
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Small-Seale Field Tests - Sand. Tests were performad on che beach
at Port Hueneme, which consisred of a poorly graded, fine sand of mediun
densicy. Sand compacted by wave action was avolded. Retailed soll prop-
arty decerminations were not made. For chese tescs, all char was impor-
tant was that the variabilicy of soil propercies over the test area be
=inor. This was generally confirmed by the consistert performance of
single anchors to establish standards for comparison of tandem and paral-
lel anchor pecformance.

St2all doad cells (shoun {n Figure 2) were built to it within che
envelope of l-1/4-inch chain to prevent interference wich the normal
anchor enhedacnt process. For the tandem anchor tests, load cells were
placed at the forward anchor shackle. at the forwacrd end of the rear
anchor line, and between the winch wire and tho chaln to the tandem ;
anchor assesbly. The contribution of the chain forward of the assesbly M

could thus ba determined. In the parallel anchor tests, the load cells Fo
wvare placed at the ground ring to record the total chain and anchor loads .
for each anchor leg. o

Anchors were pulled along the beach at about 2 ft/min for drag Do
distarces up to 58 feet. Because of the structural limitations of the ,;;i
snchor shackle and/or winch wire, the wmaximum allowable pulling load was T3
limited to 18,000 pounds. This limicacion had to be applied to tests by

with cthe 350-pound DANFORTH anchor in some rigging arcangements. Anchor
displacemeut was visually recorded hy observing the travel ¢f a marked
line aztached to cthe rear anchor relative to a fixed point. Values were
marked directly on cthe oscillograph record. at the completion of ecach
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test, the anchors were uncovered and anchor shank pitch, anchor roll, e
anchoz embadment depth, and chain angle at the shank connection were —
recorded. s
RESULTS AND DISCUSSION o
preined

Model Teats - Sand —
For comparison purposes, the holding capacity of a single 1/20ch Wt
scale model STATO anchor with a wire mooring line was established as the AN
standard holding capaecity; the value was 15.9 pounds. The holding capac- S
ity of the various tandem and parallel anchor arrangements tested was - ﬁ
then compared to the standard and referred to as the relative anchor o
capacity. This provides a measurce of the effectiveness of the various SERE
anchoring arrangements. ;{3n§
S

Crown-Shackle Arrangement. An example of the test results for a o
crown-shackle rigging arrangement for anchors spaced at a distance equal v
to 6.34 fiuke lengths is presented in Figure 8. A minimum of two tests e,
were run for each setup. In this plot, rear and forward anchor loads ROy
are individually shoun. Results are plotted as normalized single anchor ’Lffj
capacity versus normalized drag distance. Anchor capacity is referenced :ﬂlﬁ%
to the standard capacity of 15.9 pounds. :}:};
Figure 8 shows that the forward anchor behaved as a single anchor, T
developing peak capacicty in a drag distance of about 8 fluke lengths. ‘f?%

The rear anchor also behaved as a single anchor until it was dragged
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into the soil disturbyd by the forward anchor. At that point, rear
anchor capacity increased substantially to where it was holding about
1.7 tines the standard capaciey (in this particular test). This in-
crease began at about 8 fluke langths of drag which is approximetely
equal to the distance between the anchor [luke tips for a chain length
cqual to 6.34L (L = fluke length). In the disturbed soil, the rear
anchor penatrates deeper than normal because bearing resistancues that
hinder embedment on anchor and chain ave veduced. As cmbedment {in-
creases in sand, the anchor capacity inereases.

The effectiveness of the rear anchor in the crown-shackle sctup iz
further fllustraced in Figure 9. Rear anchor load as a percentage of
the total tandum anchoring load is plottud versus normaiised drag dis-
tance for representative rests. All 42 tests plotted within the data
bound shown. after about 10 fluke lengths of drag, the rear anchor has
penctrated the sol) S4sturhed by the forwvard anchor and its capacicy ‘
reaches a reasonably constant percentage of the total load; the average
wias about 60X for all spacings tested.

Sunmary results for the crown-shackle rigging arrangement are shown
in Figure 10. These results are for the case vhere the rear anchor
penetrates the sofl discurbed by the feorvard anchor. The rear anchor
load cell could not be used for spacings less chan sbout 1 fluke leagth;
only the forward load cell which vecordad toral load was used. ¥hile
the resules show that the optizmum anchor spacing s quite small, about
172 lvke length, general use of such small spacings for fleet moorings
is not very practical because this would require both anchors to bhe
handled simultancously. There are conceivable situations, however, where
the added handling complexity could be outwefighed by the added effective-

ness of the close-spaced tandem arrangesent. Z:;;;

The total relative anchor capacity approaches a conservaotive minimum RO
of 2.5 for an anchor separatfion of about 9 fluke lengths or more. At T
this point, the forward anchor is performing as an individual anchor and O
the rear anchor is about 502 wmore efficient than an individusl anchor. -
Practically, after an anchor separation of 2 fluke lengths, this minimum e
is nearly achieved. oot

Palm-Shackle Arramgement. Four chain connection locations on the SO
STATO anchor palm were used during testing, two each on the upper and s
lower palm. The location had litcle effacc on the results as shown in -
Figure 10, where the summary data were plotted and are compared to the —
crown-shackle data. At small anchor spacings, total anchor capacity was . };
less, while at che 4-fluke-length spacing, the behavior was similar. . k}fﬂj
This method caused anchors to be somewhat more unstable during drag than el
the crown-shackle method. Since there are no substantial performance or s
operational advantages with the palm-shackle method, it was not pursued P
furcher.

Shank-Shackle Arrangement. Test data are plotted in Figure 11 and
compared to the crown-shackle method. The distribution of load between
anchors was not consistent, particularly as the anchors' separation was
decreased. This was caused by the elevated chain-shank angle created as
the chain rode over the forward anchor palm. Rear anchor embedment and
thus capacity were reduced. Also, the forward anchor's stability was
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affecred by slight off-line loading by the rear anchor which introduced RS

a rorational moment at cthe shank conncction point. The inszabilicy S ninad
worgened as the chain wag connected closer to th2 forward anchor shackle. | S
This rigging method is more complex than che others cvaluated, and since o,
there secems to be no obvious performance advantage, it {s not vecommended. j'bfjﬁ

Ground Ring-Shackle Arrangement. This method is schematically £1llus- $}$«§:
trated fa Figure 12 as a guide to the results in Figures 12 chrough l4. PO

Ground ring-shuckle summary test vesulets ace shown in Figure 12. 4
The separation of each .nachor relative to anchor fluke length was variecd R
from Ll - L, equals 0 (anchors side by side) vo 3.4 fluke lengths (3.4L). ]
AT Ll - L, = 0, the two anchors are less effective than the sum of two . e
1ndlv1dunz anchors. In this case the total relative capaeity is 1.75. 5;4',3
This equates to a 12-1/2% system performance reduction caused by anchor —
{interference which causes the anchors to roll and lose capacity. This 4 ‘4
behavior is illustrated in Figure 13 and shown graphically in zhe lefc 4
hulf of Figure 12. As the anchor separation in the fove and aft direc- o
tion increases (I, - L, Increases), cthe total anchor capaeity increases .
and approaches a telative value of 2.5 at L, = L, = 4l,; cthis is a 432 -k
improvement in total anchor capacity comparcd to side by side anchor — e
performance. This maximum relative anchor capacity for parallel anchors E—;_.J

agrees with the minimum found for the previous tandem arrangements; see
Figure l4. At L, - L, = 4L, cthe parallel STATO anchors are separated by
about 2 fluke lengchs™(the shank length is about equal to 2 fluke lengths)
in“che fore and afc direction at maximum drag distance. At this separa-
tion, the anchors behave as a tandem arrangement with the forward anchor
aventually disturbing the soil and enhancing rear anchor capacity.

The lateral separation of test anchors was varied between .71
(stabilizers touching) and 5L. The latter separation £{s roughly equal
to 30 feet for a 12,000-pound STATO. Fifty feer is ctypical for twin-
chain-leg fleet mooringe. The lateral separation did not affect tesc
results. Maximuwm capacity ocecurred when the anchors moved as close as
possible to cach other.

Summary - Model Tests in Sand. Of che tondem STATO anchor arrange-
ments evaluated, the crown-shackle arrvangement resulted in the most uni-
form systenm performance. KNeither anchor exhibited any tendency for
irstabilicy, and each anchor developed at least its standard capacicy,
the capacity it would have achicved if it had been dragged singly. This
arrangement resulted in a system capacity that was 25% more efficient
than che sum of two individual anchors.

Tandem anchor connection through the forward anchor tripping palm
or shank was generally effective; however, connection and/or installation
is more difffcult and instabilities were sometimes noted in the forward
anchor. These methods would thus be ficld-tested only if the crown-
shackle method proved ineffective.

The ground ring-shackle or parallel anchor rigging method is
stardard for twin~chain-leg Navy fleet moorings. Results show that when
the anchors are placed side by side, the ultimate capacity of this system
is about 12% less than the sum of the individual anchors due to anchor
interference which causes anchor instability. Simply by longitudinally
separating the anchors by a minimum of 2 fluke lengths, the ultimate
system capacity increases by about 40%.
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As shewn, tandem and parallel model anchor system capacities can T
exceed twice the capacity of an individual anchor in sand. This was N
caused principally by enhanced rear anchor capacity as it was dragged Leoa ]
into the sand disturbed by the forward anchor. This finding should be o
ficld validated because of the potential for substantial anchor weight f%:ﬁ
savings and because the potential higher system capacities must be con- :{;{5
sidered when sizing mooring legs. e
Small-Scale Field Tests - Sand 4
The details of the 28 tests conducted on the beach at Port Hueneme R
are provided in Table l. Anchor and anchor system capacities, various T
angle and penetration measurements, mooring line and anchor characteris- T
tics, and keys to the measurements are listed for comparison. Ten of —
the tests listed were single anchor tests to define standard anchor . Py
capacitics for comparison to tandem and parallel anchor tests. . ‘9
Standard Anchor Capacicies. Four tests were run with the 200-pound RO
STATO with chain; results are plotted in Figures 15 and 16. The lower L
curve (test 6-17-83) in thase figures was not used to determine the s
standard capacity. In this test, anchor embedment was restricted by a Q_—ﬁ
very dense sand/gravel layer. The standard capacity of the anclior alone ;1::;
when dragged wich a chain mooring line was 4,250 pounds. The standard L
capacicty of the anchor and chain system was 4,800 pounds. Two hundred Q%Fj
pounds of chain held almost three times its own weight or roughly 2 times el
what {t held when dragged freely on the surface. i
0f cthe four tests, the highest capaeicy occurred in test 6-20-83-01. -
This test differed from the others in that the anchor flukes were fixed e
fully open at 32 degreas. The other single STATO test anchors had freely S
movable flukes. 1Tne flukes did open quickly but after the test it was et
found chat some sand was wedged between the anchor shank and the wedge e d
insert which controls fluke angle. This caused up to a 3 to 5-degree M,
added fluke angle reduction, resulting in fluke angles of 27 to
29 degrees. This, according to fluke angle test runs by Towne (Ref 22),
could be sufficient to cause the approximace 6% difference in fixed and

movable f{luke capacicy.

Three cests were run with a 7/8-inch wire line to the fixed fluke
STATO anchor (Figure 17). The standard capacity of the anchor was
5,000 pounds. Tbhe wire provided little or no mecasursble added capacicy.
The standard capacity for the anchor-wire systam is similar to the capa-
city of thi anchor-chain system except that the load distribution is
different. These results differ somewhat from the laboratory model test
resules (Ref 12). In the laboratory, the anchor-chain system held more
than the anchor-wire syscem because the chain disturbed the soil forward
of cthe anchor shank, and allowed deeper anchor penetration with resulting
higher capacity.

Three tests were run with che fixed fluke DANFORTH (32-degree fluke
angle) and results are presented in Figure 18. The standard or mean
capacity for the 350~pound DANFORTH is 12,500 pounds. The added capacicy

from the chain was small, on the order of 500 pounds, or roughly 4% of
the total load.
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Tandem STATO Anchors. Tests were performed at tandem anchor
spacings of 0.92 fluke length (L), and 2L, 5.1L and 10.4L. Figure 19
shows the STATOs in tandem at a spacing of 2 fluke lengths. The summary
results of these tests are presented in Figure 20. This presents anchor
capacity, relative to the standard STATO capacity of 4,250 pounds, versus
anchor separation. At a vrelative capacity of 2, the tandem anchor system
would ba as effececive as wwo individually pulled, 200-pound STATO anchocs.
Model test results are plotted {or compsrison., Gencrally, past 2 fluke
length spacing (2L), the results are consistent. Practically, che dif-
ference at less than 2L is unimportant because this would not be a
reasonable rigging acrangement for field use. The data show the positive
influence of the anchors on one another.

The performance gain of the tandem system is caused by two things.
The rear anchor chain provides a downward loading component on the for-

- ward anchor at close anchor spacing, csusing deeper anchor burial. At
greater anchor spacings, this component is less; thus, the forward anchor
contribution te system performance decreases. This is shown by the lower
portion of Figure 20. Once the xear anchor moves into the sail disturbed
by the forward anchor, it is able to penctrate deeper with resulting
higher capacity. This effect becomes more pronounced as anchor separa-
tion increases because the rear anchor can behave more independently.
Figuce 20 shows the rear anchor sssuming a higher percentage of the
system load with larger anchor spacing. Figure 21 illustrates the effect
on the rear anchor as it moves into disturbed soil. At 5.1L anchor
spaclng, the anchor fluke tips art about 7 {luke lengths apart. The
tandem anchor system achieved an inicial maximum capacity at a drag dis-
tance of about 4i.. Load then dropped off until the rear anchor encoun-
tered the disturbed soil; then, capacicy increcased rapidly. For this
test, the capacity at the maximum test drag distance (16L) was more than
302 greater than che inicial peak.

Table 2 provides data which further illustrates the tandem systenm
behavior. The mean depth of cmbedment of the anchor crown was 5.1 inches
for a single STATO anchor. When used in tandem, the mean depth of embed-
ment increased to 7.25 inches for che forward anchor and 9 inches for
the rear anchor. The standard deviations, thus confidence level, for
these three measurements were comparable.

According to the field as well as the model resules, the crown-
shackle tandem arrangement using structurally improved STATO anchors
should be an effective rigging method. The system capacity should excecd
the capacity of the anchors if nulled individually. The system perfor-

. mance gain could be up to 252 in sand. This would result in a 25% anchor
weight savings.

Tanden STATO-DANFORTH Anchor Combinations. Several tests ware per-
formed with STATO and DANFORTH anchors in combination te see whether the
tandem STATO results could be more generally applied. Two combinations
were evaluated, one with the STATO in front with the DANFORTH piggybacked
and ore with the DANFORTH in front (Figure 72). The stability charac-
teristics of these anchors is not the same. The STATO is a more roll
stable anchor; it will maintain its maximum achieved capacity with drag.
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The D.oYORTH anchor is a better penctrator than the STATO anchor in ;_~£J
sand and its center of fluke area and, thus, the center of pressure on {
the anchor is nearer the shank-crown connection point. These charac- W
teristies mean that the STATO should be more stable than the DANFORTH e
anchor. Table 2 shows the substantial difference betweeu STATO and s
DARFORTH anchor crown embedment depch, 5 inches compared to almost 1§ ;iQSW
inches for the DANFORTH. In sand, crown depth is approximately indepen- e
dent of anchor weight for the same anchor type. Thus, the comparisens { ]
for the different weighted STATO and DANFORTH anchors should be valid. i
The difference in the centers of pressure for the two anchors is 12
reflected {n the beta (B) angles also listed in Table 2. L]

The beta angle is che difference between the chain angle and the P,
shank angle. A O-degree beta angle would mean that the chain was ) ]
directly in line wich che axis of the shank and chat che anchor's roll . ]
axis was along che shank. As the beta angle increases, the center of )
pressure on the anchor moves closer to the anchor fluke tip. This pro- e
motes anchor stabilicy. The beta angile for the single STATO was L e
8.9 degrees, while it was 5.1 degrees for the DANFORTH anchor. The o
variatfon {n beta was greater for the DANFORTH. In tandem, the beta y
angle for the forward STATO reduced by over 3 degrees to 6.6 degrees. L]

This {s due to the added external lead by the rear anchor chain. No
measurements were possible with che forward DANFORTH because of its rapid
roll, but it {s clesr that its center of pressure would move up towards
the shank, reducing anchor stabilicy.

The resules of the tandem tests are presented in Figures 23 and 24
as plots of holding capacity versus normalized drag discance. Rith the
DANFORTH in front (Figure 23), total tandem load was substancially less
than the single eapacicty of a DANFORTH anchor. The DANFORTH rolled
rapidly at about 5 fluke lengths of drag, achieving less than half of
its single anchor capacity. The STATO {n the rear remained stable and
achieved its single anchor capaecity. It was not pulled far into the
disturbed soil caused by the DANFORTH. The vertical stabilizer for the
rolled DANFORTH {s shown in Figure 25. With the STATO in front and the
DANFORTH in the rear, the resulcs were quite different. Both anchors
vere stable and developed at least their single anchor capacicies. The
test was stopped at 17,000 pounds of load because of safety considera-
tions, but load was scill increasing.

Summary results for the combinationz are presented in Figure 26.
Total anchor load referenced to the standard capacity, which fin this
case is defined as the total standard capacity of the two anchors, is
plotted against normalized drag distance. The performance diffurence {s
extreme. This {llustrates the need to ensure that the forward anchor in
a tandem arrangement is very stable. 1f the stability is questionable,
it may be necessary to overstabilize the anchor by increasing the length '
of the stabilizers to prevent roll.

These results in sand provide a picture of what might happen in a
mud seafloor with anchors in tandem. Anchor stability decreases with
soil strength and soil strength variation with depth. Anchors unstable
or marginally stable in sand will be unstable in mud. Results of the e
NCEL test program (Ref 1, 2, 3, 5, 12) verify this. Also, the load )
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applied to the forward anchor by the rear anchor in tandem further exag- '?

gerates forward anchor instabilicies. Anchors with demonstrated ;@“‘

stabilicy, such as the STATO and BRUCE TS, will provide reasonzble tandem ©

anchor options for rmud and sand. NS

. \51},
Parallel Anchors. The sumemary results for all parallel anchor tests i

are provided in Figure 27 with the model test resules shown for compar- q?ﬁy

ison. The field data became more consistent as the anchor fore and aft f‘“‘J

separation distance jpareagsed. The model data were consistent throughout. s g

In the side-by-~side condition, the typical twin-chain-leg Navy fleet ]

mooring configuraction, the anchor capacity ranged from a low of 1.75 . 3

times the scandard single anchor capacity to 2.3 tiwmes the standard capa- . .

ciey. With furcher dragging, the STATO anchors would have continued to . ]

come together, furcher reducing the total capacicy. Y

. The tvo tests with the DANFORTH anchors side by side are also shoun. s
This {s shown as a -2l anchor scparation in Figure 27. ‘This allouws com- s

parison to the tandem tests where separation is measured from rear anchor e

shank to forward anchor crown. fHlad all of the side-by-side data been iqgj

averaged rather than just the STATO data, the curve would have been sig- R

nificantly lower. Regardless, che side-by-side anchors do interfere e

with one another; this interference is shown in Figure 28 for the STATO
and DANFORTH anchors. These photographs represent the final or near
final posjtions of the anchors at ultimate drag. Wicth a2 largev lateral .
separation, the anchors would have achieved a higher inicial capacicy, -
but the residual capacity at ultimate drag would be the same as shown by
Figure 27.

As anchor scparacion in the fore and afc direction increases, the T

PR R T UL LAY

a " @

behavior of the parallel anchors approached tandem anchor behavior. PO
' Figure 29 shows the performance of parallel STATO anchors at a IS
5.8-fluke~lengeth spacing. The curves are siwilar to those presented for AN
tandem anchors, as shown in Figure 2l. Anchor and total anchor load hANRS
have almost peaked at 7 fluke lengths of drag. At that pofint, che rear pentan

anchor begins to encounter the soil disturbed by cthe forward anchor.
Total load then increases by about 25 to 10,000 pounds for this test. T
N ¥hen the rear anchor approaches the disturbed zone, it rolls down el
' into the trough created by che forward anchor. This is shown by che S
photograph in Figure 30. The optimum anchor separation i{s greater than S

6 fluke lengths. In the laboratory, 2-{luke-length spacing was the
minimum required. The prototype value could be as much as a
10-fluke~length spacing.

s Sumnmary ~ Small-Scale Field Tests in Sand. The field and model
test results for tandem and parallel anchors are summarized in Figure 31.
. The ficld and model test results were generally in agreement; the trends
were quite similar except for tandem anchors at spacings less than 2 fluke
lengths.

The field tests contirmed that the crown-shackle tandem rigging
X arrangement was an effective means of tandem anchoring for STATO anchors.
SN System capacity was 20 to 25X greater than would be anticipated based on

the capacity of individually pulled anchors.

TS TR LT L S L I T T T Ty e .
.\n‘\n:\“:.--'.-. (I R - L] - . .,:-.,-.....“‘ " -. '.‘ .

o 5 SertatrLe N . - e e e el
:‘-ﬂ‘-.\-“‘q!,’. .l_'-‘.‘-..._\. ~. s‘.;.:_. NUSIRO - _ D . .7.. AN .‘.._ o '_‘c




-y W W W - - T T = - = g Ty WY - s - £ 22" llie quib Aan
MRS TR TR TR T aT AT A T e E T L, T Y IV T W R WTEET T TR R T E TR ey Ry e TR, W TR N IR S FFLL LT
- - - - . o« - . - = - - = - - - -~ - - -~ - P - *_ v L e 4t . &« -

Resules also showed that not all anchors are suitable for use in
tanden. ‘the DANFORTH anchor which is less stable than the STATO-type
anchor became very unstable when load from the rear anchor was applied
to the forward anchor. This caused aystem capacities far less than the
capacity of a single DANFORTH anchor.

The pecformance of anchorg in parallel vhen side by side was quite
variasble. The anchors eventually interfere wich onhe another, causing a
reduction in system capacity. By staggering the anchors, anchor inter- '
ference was eliminaced and sysrem capacity was enhanced by up to 15 to
20Z% greater than the sum of the single anchor capacities.

At ancher spacings of greatec than about 6 fluke lengths, tandem
and parallel anchor system capacities becomse similar. Both show system

%
LI TS I SV

-
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1

¥

capaeities greater than would be expected from single anchors. The ,;;;
najoricy of the load increase comes from the rear anchor as it {s dragged P
into the zoune disturbed by the forward anchor. .
Hodel Tests - Mud "ol
Thirey-five single and ctandem anchor tests were conducted in wmud. :;};S
Summary results of these tests ave given in Table J. Fourteen of the b
tests listed were single anchor tests which ware conducted to define o
standard anchor capacicies for comparison ro tandem anchor results. { ifg
RN

Scandard Anchor Capacity. Anchor capacicy varied with soil shear {{:iz
strengeh from a high of 21.6 1lb ac .2 psi co adout 10 1b acr .08 psi. e
Within che desired soil strengeh range of 0.08 to 0.11 psi, anchor capa~ 1 -
eity randoaly varfed frzo 2.7 ro iZ.7 1b wich i medfan value of 11 lb. L

",
» W

This value was independent of mooring line type which would be expecred
in a2 uniform strength test bed. The similaricy in the holding capacicy
of anchors with chain and wire lines is shown {n the lower half of
Figure 32. Alchough anchor capacities were comparable, overall per-
formance was not. The mooring line altered the trajectory of esach
anchor, shown i{n the upper half of Figure 32. Anchor embedment was in-
versely proporctional to line sfize. The maximum anchor embuedment with e
wire vas actually decermined by the tank depch and/or the limited pull
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disctance available. if{?%

The mooring line plays a significant role in anchor behavior and ;ﬁu-;

can provide a substantial part of total anchoring capacity. Figure 33 ' i

shows anchor plus chain capaecity as well as anchor capacity. The chain IR L

provides 20 to 30% of che total load. This is comparable to what was ;Cjijé

found during field crfals (Ref 1 chrough 5). Model anchor performance T nneey

also agreed well with che predictions made with che NCEL anchor perfor- e

mance models (Ref 10) which were based on the ficld test resulcs. ;E;v{

The anchor performance model for cohesive soil ic based on slip ’ C_;*j

line theory where: Sy

H = SNA L

" c uc¢ ‘:. .'-’;i

where Hc = anchor holding capacity (1b) f“;'}g

5, = soil undrained shear strength (psf) {.__ ]

o Nc = anchor holding capacity factor (dimensionless) .S
- A = onchor fluke area (ft2)

....................................
S S S R A S S NS , AV . .
et st etata™, IR I I A T YT R TR )
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The holding capacicy factor, N _, was determined chrough prototype
tescing and it varied widely between anchor type (between 8 = 4 to 15)
but did not vary apprecsfably with anchor size for each anchdr type.
Analysis of Navy fleld tests of the STATO anchor vesults f{n tie sclection
of % = 1] uhich represented the madfan value. The median value for the
slugie rodel STATO anchor was 11.8. The scandard deviacion {qr the
14 tests was only 1.5; thus, model anchor performance was uniferm. The
laboractory and field cest daca agree quite well, ctherefore, tandem anchor
performance should be reasonably represcncacive of field performunce.

Tandem Anchor Capacity. Seventeen tandem tests were conducted with
tandem anchor spacings of 0.67 f{luke leageh (L) co 6.1L wich various
sizc mooring and anclior separation lines.

Infcially, it was intended to use a wire mooring line and chen vary
the geparation line type and length but chis proved impractical because
of the uncxpectedly large tandem gystem penetrations that occurred. The
anchors rapidly penetrated to the bottom of the tank, thus, maximum loads
could not be defined. Figure 34 shows the trajecrory of two tandem
anchor systems with a tandem spacing of 0.67l.,. The steepest trajectory
occurred wicth the wire mooring line - large chain separating line systen
(test 8-11-83-0)). The change to a large chala mooring line caused a
slight dacrease in the trajuctory slope but still it was not acceptable.
The crajecrories of a single anchor with wire and chain wooring lines
are shown for comparison. The difference in single and tandem anchor
trajectories dramatically {llustrates cthe porencial ef{fectiveness of
tandem anchor systems composed of stable anchors.

To properly evaluate tandem anchor system behavior {t was necessary
to elinminate tank depth as a variable. This vas done by increasing che
size of the mooring line to reduce anchor system penetration and to
ensure that the system achieved its maximunm penetration depth without
encountering the tank base. This was accomplished by using the large

L

. ¢ -
LA

11 .

chain doubled between the wire and forward anchor. Rasults of a typical
test are shown in Figure 35 where tandem anchor spacing was 5.2 fluke e
lengehs. The single test shown for comparison in Figure 35 used the s
same double large chain -~ wire mooring line as used in the tandem tesc. N
In this test, there was vary little difference in the trajectory of e
the forward anchor. This was typical when tandem anchor spacing exceeded o
about 5 fluke lengeths. The f{nfluence of the rear anchor on the forward L %
anchor diminishes wich anchor spacing. —t
With che doubled large chain mooring line segment, peak anchor sys- 'fpi
ten load was achieved before the anchors reached the base of the tank. :ff{
Load versus drag distance for three tandem tests with similar mooring NE
line makeup at different anchor spacings is shown in Figure 36. Although e
trajectories and load distribution between anchors was different, toral Ty
load measured at the forward anchor shackle was not. For comparison, "ff
two other curves are presented. The relationship for cthe tandem system et
with wire mooring line is comparable to the others shown even though its y:}:
embedment and trajectory (refer to Figure 34) were considerably greater. {hfé
The single anchor capacity peaks at azbout 12 1lb, less than half tandem }f}3
ca ty. bt
pacicy e
R
3
3
13 o
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Summary dacta for all tandem tests wich the doubled large chain
mooring line segment are shown by Flgure 37. This shows cotal anchor
load relacive to totral standard load versus anchor separation. From
thig figure, it is clear that two anchors in tandem can be nore effi-
cient than individually pulled anchors. The fmprovement ranged from 10
to 50%Z. Also, it did not make mueh difference what the anchor separa-
tion was or what separatfon line was used; results fell within the same
general band.

Anchor rol} was monjtored during rests. For these tests, the
minimum roll oceurred at about 5 fluke lengths spacing which coincidas
with the same spaeing where maxiwum syscem capacity typically occurred.
This i{s shown as the apex of the test band in Figure 37. As anchor
spacing deecrcased, che rear anchor tended tn roll more than che forward
anchor. This reversed as anchor spacing increased beyond 5 fluke lengths.
It i3 unclear ac this time whather this was caused by anchor interfer-
enzes or variactions within the test tank.

Sucmary - Model Tests In Mud. The performance of the wodel anchors
agreed well with performance predictions made with the mathematical model
developed from NCEL's field test program. This significantly improves
the credibilicy usnd excrapolatabilicty of the model tandem anchor tests.

In the uniform soil tesc bed used in 334 program, single anchor
capacity was relatively independent of anchor line type and size. How-
ever, anchor trajectory was significantly affected as would be expected.
Anchor embedment depth was inversely proportional to anchor line size,

Tandem anchor systems rigged with the crown to shackle rethod were
effactive in the soft test mud. System capacity waz 10 to S0Z greater
than could be expected based upon the performance of fndividually pulled
anchors. System capacity was not very sensiCive to mooring line type
and anchor spacing.

The tests clearly show that the crown-shackle, tandem rigging fech-
nique wicth STATO type anchors is feasible and deserves prototype cvalu-
acion.

CONCLUSIONS AND RECOMMENDATIONS

The primary goal of this investigation has been to evaluate the
feasibility of using anchors in multiples to satisf{y expanded Navy flecet
mooring requirements. Feasibilicty has been established with the identi-
fication of effective tandem and parallel anchor rigging methods and
suitable anchor types. Anchors in tandem and in parallel can be arranged
to achieve system capacities that exceed the sum of two individually
pulled anchors. This increased performance averages 20Z co 30X and is
directly related to potential cost savings ir anchor procurements. In
addition, the ability to use small anchors in muitiples to develop capa-
cities equivalent to much larger single auchors means that the Navy's
overall anchoring capability has the potential to expand without an in-
crease in the Navy's handling assets.

Prototype avaluation will be required to validate and calibrate the
lab and small scale field results to enable safe mooring leg design
before these systems are used for fleet moorings. Extrapolation based
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upon the present rest data to prototype performance for anchor sizes
that could approach 15,000 to 30,000 1b would have to be highly con-
servacive, Also, ins2allacion and recovery procedures for these high
performance anchor systems must be defined to ensure that the inscalled
systens funckion as intended and that chey ars retcievable.
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1able 2.

Performance Characteriacies of Test Anchors
Ducing Beach Tests

{Refer to Table 1}
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Anchor Croun

Exbedment,

-
-

Sunber of
Paca Poincs,
n

Hean,
%

Standacd
Daviation,

Q0

b 3

: Single STATO
Single DANFORTH

Tandem STATO
- forward anchor

T TRE Ty

Tandes $TATO®
- rear anchor

15

8.9
5.1
6.6

6.7

1.5

10

5.1
17.7

7.25]2

!
-
l+
o
1
1
4
y
E
3
3
}
3
2
b
3
3
]
t

Malue at 0.92 fluke lengeh.  Anchar {3 noct iacluded; Lc is not
considered representacive.

' ‘o
AT TF W VLD T NN

fl

“

-
"

cht w
M
VTR W2 )

'
-

-
ik

"y e

¥

« -
¥
.

¥

i

-
+
LA LI g et

MNP

v
n

IR

$alulaln'e

o*
.
o~
CH
A

N
..
.
-
.
it

»
’,

»

I

‘.
alafals

s ¥
»



v g

;T R R o m T oaT™y

F X Fae, v > e AN MR A M R SO R AP A AR ,}"11
. REPRODUCEDAT GOVERNMENT EXPENSE e
S
Table 3. Susmary Data for Model STATO Testal in $hud - *j;j
'5—"5

feak Load (14) m:::ﬁu S:::: Notding” Anchor ) Anchor 2 Anchar =
- . Test Capaciey Separation- -
THAL B, at Peak | Strength PP
Tepe catt 1leent 21 tosd fae = Factor n 2 a 9 2 @ I S
o - “Eax % (acg) | (4n.) | (deg) | (acg) | Ctn.) [ (eegy |  (Fluke ot
c: (fc) (95?’ < uﬂ};(hﬁ . 3: ‘.:-‘.:q
L, .‘0:.:-:.
2% a2-83-r1 | Single| 2.6 9 .2 9.9 | «2 |1w0.28] --- ot
-2 1.5 8 a1 2.9 16 |15 --- : ]
5 ,0-81-01 10.) 8 .08 12,08 | -3 | 7. 14 b
02 9.7 8 .0% 11.8 =3 | 6.6 iy .
=03 11.0 8 .08 12.8 -2 | 1.2 1 TR
¥ 11.0 ] .08 12.9 a8 | 5.4 16 5
0% 12.0 10 028 13.6 -0 [ 20 e d
e ¥ 20.5 8 .08 123 =19 .25 1s .
87 10=8Y-u? | Tandea| 2 12 .0% 15 sve | eee e 1Y 10028 22 6.4 +
£-11-81:0) l 2 o A1 9.3 -3 11995 o ] -2 |25 | D 0.67 4
. -3z ] 10 118 3] cag f19.29 ) 22 | -we |29 | o2 0.67 .
» F=311-51-0% | Singlc] 4.8 . .07 10.6 b | 6.35] 17 -
) -t & 12.% b .099 12,3 37 | 1.9 1 R
it 0.6 &) .09 1 <19 | 5.9 n . “_1
: wetl=gteun | Tandez| 230 10 .03% 13 1 |24 : -3 15,5 | 2 1.8
¥ ol 19.5 ) .08 1.4 <3 | 8. 19 | - |12 25 o
relsexteal 1.6 10 .09 13.5 0 }10.79) 2 -1 | 12.4 =) I G
a2 28.9 10 .09) 253 38 | 6.0 1 | -w0 fra8 |2 LI el
-0l 8.2 | 18 10 1 w2 |- | o9 1 | -3 s |19 S
- 26.8 10 A 12.5 -2y | 9.5 1 | <% 15 | e 5.2 ;
Eelc-8Yeisl 32.9 10 .105 14.2 -39 | 9.5 by -7 {165 1S ‘,:.-';,-',':
2 18 13.% 8 .1 13.1 51 | 6.0 1o | <58 [1y.9 | 20 28 SRS
1 2 1.2 8 A 12,9 2 |6 | 15 | -0 | (e RENES
. 10 3 .1 14 -3 | r2 | s | -3 |15 e N
=uh 24.8 8 L0925 1%.5 <2 | 7.9 20 | <%0 {166 | M RGN
SelivBYen} 8.3 | is.2 ] A 1.2 6% | 8.3 12 | -27 {16y | 18 5.2 =S
1.1 8 .09 16.6 56 | 6.4 m - iz |0 ]
-3 .8 v . M =90 | 26 | 35 | -26 | 9.8 |19 ER A
-uh 2 6 on | o w0 | 8.6 | w | -8 96 |2 o
L peir=Hieul 32.4 10 118 1.1 63 | 2.5 ol -n e | 012 6.6 el
: ~y? 26.9 10 Nt 10.9 -8 | 7.6 n | -1 sy s RN,
B} v | 25.5 | 163 10 17 102 |10} 7s | w | 12 we |1 =~ 3
) 9-13-83-01 | Stngle | 20 23 8 16 11,7 2 |10.8 40 7
. -02 12.1 | 16 10 21 10.7 2 | ¢ 19 RS
. -0 ‘ 14 17 8 .125 1 -27 | 8.8 | 15 D
:'o ':;::.‘.."
: aﬁc = ancbor cap:citylsu ¥ {luke area; for tandea tests, the average value of Nc £s gliven, '{f'“g

il

g

Fey to Measurcments

.

A\

s % %

-

‘o:.‘c,{l
\

8

-------



ko dhed an ot el

TR

T TT

o e a e me ML L g arl Dl g

S
-

»

P A P D
« A e .

E]

S Vawlol STATO Tests in Mud

REPRODUCED AT GOVERNMENT EXPENSE

M

- T T T At EaT AT T AT TR I3 Te T s T 4T e RE™
T & AT % oE- WS VO ST RTT A5, v,r;;v*rv—;'"z"a;vf“r‘* :"r‘r‘i';'év“r—\vff’:w' A ITITETY ETITAS PO ;

Ancker 3 Anchor Mooring Line Characleristics
S¢paration,

Y o 2 ¢ 1. Anchior L Achor 2

zepd roegd | vana) figeg) | (Fluke L L
Lengthis, 1) l 2

ase Rre (B)/23" - chatn (A) -e-
e Wlre (DI/23" - chaln (B) ---
la .

n bbb
o Wire (D)/23" ---

1% ’ .-

- =Y 19,78 ) n 6.0 27" - wirc (D)
S omre fily | D 0.6? Y 27" - chaln (B)
- EETE A | 20 .67 Rire (D723 - chatn (B) | 27" - chaln (B)
12 Rire (U)/27 - <hain (C)

0‘ H -
PEI J ae-

N L A 20 1.3 7.4" - chatn (M)
ie | ome T L1 \

N LPCLIN IS S H =) 2.2 9" - ¢hain (B)
i1 ST B S 22 3.9 &

.y LA I S 19
is LR L9 | la 5.2 21" - chain (W)
N T S U BT Y
lo AR R 20 8.1 33 - ¢hain (B)
1t >} lnead la 4
1% “w |1 16 IM - chala (A)
SO YO EATA I U \j
1 LPR I T | 18 5.2 21" - chain (A)
it LY ] 1001 : 4
™ -k .k 19 2.2 16" - chain (A)
b ~lh .0 0 4
% =1 ! le.e 17 6.6 27" - wire (D)
. =15 120 15 l
Y 1. | T 15
21 - -

3 Y
I‘.‘ .

L
Ly _‘»_'. l(——' Ly ——P‘ 3
T q L
l anchor § ,4‘— anchor 2

Mooring Line

Equivalent
Diameter
({n.)

* o
“ * P
I
LR
- ®

. .

- -

SN

[ e

o,

- -

4

X:l

5i

< 4

4

.

Poe -

A = Sa3ll chatin
(27 in.)e

B - Large chain
(27 in.]e

C - large chaln
doubled
{27 (n.)*

b - Rirge

0.38%

0.626

0.09%

3-1/2-1®

$-1/2-tr +

¥

o
-

[ ]

®

*Equivalent to 1/2 zhot chain,

anchor 1

‘4—01”i

anchor 2

o e lig l\i N W IR LL K'Y

L-2/8-01.

.
NS
P TRE I ]

it

-
«

»
. 4 "
v

k. S P
3 - -

. ',“‘."‘

.n s
L ey,
AR TR

-

. x @
v

(N
»

i
‘l
.
PN )

..
O
PR R )
A
v ow
L] . -’
. w % e,
ey

.
D
.
CINCIA N
B
e
*
.
x
.«
.

KT LR




- e i is
_ A . i ret i T
= - s P il i i S A S AR AN AT AR TR T AR AT TR N S e e T e
s T I T e T L Wy FUsWo . it «*a A [ PRI

- o - [ b

4 atat s mas =

AEPRODUCEDAT GOVERNMENT EXPENSE

i i ]

*

T

T

%

Yaorisg Line Characeeristics Equivalent o
Hooring Lina Diameter Prototype e
- [] DAL
o Aoater } Anchor 2 (1n.) v
- L L
o ' 1 2 A - Szall chaln| 0.384 2-1/4-{n. chain
,,:} {27 in.]*
o Wiee (0127 - chadn (A) -
o= 8 - Large chaln| 0.626 3-1/2-{n. chain
Euire D320 - chaln (8) e {27 tn.}e
= C - large chaln | 0.946 $-1/2-in. chain
Y -=- doubled
Wire fojoim --=- {27 in.])*
" - wire (D) D - Hire 0.09% 1-7/8-1n. wire
L4 27" - chatn (B)

Wire (L2 - chatn (8)
wige the, 0m = chain (€)

27" = chatn (8) *Equivalent to )1/2 shot chaln.

7.%" ~ chata (8)

e
\{ - :'..::‘.';‘
9" - ¢haln (B)
‘ *e p_-
Snprravad
21" - chain (B) AR
33 -~ chatin (B) '.:_..:::3
\j e

33 - chain (A)

Y A

L—q-r

21" - chain (A) T

Y e

16" = chaln (A) Wi

| e
' O n‘;!

: 27" - wire (D) e

.'.—T A\.: ' .
! -
LA

.y
‘.
P

T, T
- '. £
-t
-t

oAy
- »
L

L g
B )
ey

L ALKL
.
.

.

asnchor |

. a8
ot
-

Z

. ..
PR T L. R 2P T i .
T LN L N NN T ] RN RN

o at * - :, = N, ey DR R 4]
ST e AT e I IR T WAL SRR S b -l




e B T S FT- 7T Te Ta = & "m w4
- LI T T8 AT TeE T a9 % el E @& - w A& T & 8 ®

-* B T - »

* =T TR T et AT 8 T8 KTk T 2T 2 T 4T T8 F

i

FPPPPPIIPRE N PR

[3

.
RIS TR S

4 [P P O Y

. XN

PR SN )

I

LA |
1
i

[P ANSLSIIETEY S RO CC ey I
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Figure 3. Tandem anchors - shank to shackle rigging method.
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